A generic medicine is a multisource pharmaceutical product which is intended to be interchangeable with the originator product and is marketed after patents and other exclusivity rights of the innovator pharmaceutical company have expired.\[[@ref1][@ref2]\] Globally, health-care costs have been increasing rapidly and governments have adopted cost containment measures in an attempt to ensure efficient utilization of scarce resources. One of the important mechanisms to reduce health-care costs is to promote the use of cheaper generic medicines instead of more expensive branded equivalents.\[[@ref3]\]

The usage of generic medicines is high in industrialized countries where price levels for pharmaceuticals are usually high. In the United States (US), over the period from 2003 to 2012, generic medicines have resulted in savings of US\$ 1.2 trillion to the health-care system.\[[@ref4]\] In the US, generic medicines account for approximately 75% of prescriptions but incur only 13% of the cost of newer, innovative, and more expensive medications.\[[@ref5]\] During the year 2006, generic medicines accounted for 42% of dispensed packs among 27 European countries, but the cost was only 18% of the total pharmaceutical expenditure.\[[@ref6]\] A study published in 2004 concluded that the combined effect of federal price regulations, provincial price freezes, and generic substitution policies have been effective in controlling price-related determinants of drug spending in Canada.\[[@ref7]\]

Xavier University School of Medicine (XUSOM) is a private offshore medical school in Aruba, Kingdom of the Netherlands admitting students from the US, Canada, and other countries to the undergraduate medical (MD) course. From January 2013, the school has shifted to an integrated organ system-based curriculum with early clinical exposure.\[[@ref8]\] Students complete the first six semesters (2 years) of the course in Aruba, and then, do their clinical rotations in the US and Canada. At the present, the pharmacology curricula have been tailored to enhance rational use of medicines by the future practitioners. Students learn to select a personal or P-drug for a disease condition and verify the suitability of their selected P-drug for a particular patient. They are also briefly introduced to generic medicines and also learned that to reduce the cost associated with medicines, promoting the use of generic medicines is important.

However, generic prescribing is still a contentious issue among prescribers and the issues of bioequivalence, quality, and safety remain problem areas.\[[@ref9]\] Previous studies have shown that changing prescribing behavior among doctors may be difficult.\[[@ref10]\] A national survey conducted in Australia, among senior medical students found that medical students need to be better taught about generic medicines and issues related to generic prescribing.\[[@ref11]\] Another study comparing the knowledge and perceptions of senior medical students and pharmacy preregistrants in Australia found that though there were few differences in response, both groups had knowledge deficiencies about the quality, safety, and effectiveness of generic medicines which may need to be addressed by educational curricula.\[[@ref12]\]

Students' perception about generic medicines has not been previously studied in the institution. Hence, the present study was conducted to study the knowledge and perception about generic medicines among basic science undergraduate medical students in the institution.

Materials and Methods {#sec1-1}
=====================

The study was conducted among basic science undergraduate medical (MD) students (first to fifth semester) at XUSOM during the month of February 2015. A previously developed and validated survey\[[@ref11][@ref12]\] was used to study the student knowledge and perception about generic medicines. The first author of the previous two surveys was also an author of the present study and permission to use the instrument was obtained from him. Students were explained the aims and objectives of the study and invited to participate. Written informed consent was obtained from all respondents. The questionnaire used is shown in the appendix and consisted of three parts. The first part collected demographic information about the respondent including gender, age range in years, semester of study, and nationality. Part B of the questionnaire focused on the respondent's knowledge toward generic medicines. There was a statement about the allowable regulatory bioequivalence limits when comparing generic and brand-name products of the same drug molecule, and six questions framed for responses on a five-point Likert-type scale. The scale was 5 = strongly agree with the statement, 4 = agree, 3 = neutral, 2 = disagree, and 1 = strongly disagree with the statement. Statements 4, 5, and 6 were negatively worded and the scores were reversed while calculating the total score.

Part C of the questionnaire studied respondents' perception toward issues pertaining to generic medicines utilization. Statement 4 was negatively worded and was reverse scored. Information was collected using printed versions of the questionnaire. The data were entered into and analyzed using IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. (Armonk, NY: IBM Corp.). The percentage of correct responses to the question about the regulatory bioequivalence limits was noted. The respondents' agreement with the statements scored using a Likert-type scale was added together to compute the total score. The frequency and percentage of different demographic characteristics of respondents were noted.

The normality of the distribution of the scores of individual statements and of the total score was tested using the one-sample Kolmogorov--Smirnov test. Mean and standard deviation (SD) were calculated for scores following a normal distribution while median and interquartile ranges were calculated for nonparametric variables. The total scores were compared among different subgroups of respondents using independent sample *t*-test for dichotomous variables and one-way analysis of variance for others. A *P* \< 0.05 was taken as statistically significant. The study was approved by the Institutional Review Board of the XUSOM vide notification number XUSOM/IRB/2015/01 dated January 27, 2015.

Results {#sec1-2}
=======

Fifty-six of the eighty-five students (65.9%) participated in the study. [Table 1](#T1){ref-type="table"} shows the demographic characteristics of the respondents \[[Table 1](#T1){ref-type="table"}\]. The questionnaires returned by two respondents were incomplete and were not included in the study. Around 55% of respondents were male and most were between 20 and 25 years of age. Around 55% of respondents were of American nationality.

###### 

Demographic characteristics of student respondents
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Only three of the fifty-six respondents (5.3%) gave the correct answer to the question about the regulatory bioequivalence limits. The mean ± SD total score was 43.41 ± 4.53 (maximum possible score was 60). As described in the methods section, the distribution of the total score followed a normal distribution while the scores of individual statements were not doing so. [Table 2](#T2){ref-type="table"} shows the mean total scores among different subgroups of respondents. There was no significant difference in scores according to the respondents' personal characteristics \[[Table 2](#T2){ref-type="table"}\].

###### 

Mean total scores among different subgroups of respondents
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There were agreement-type six questions relating to knowledge. The mean agreement score for the statement regarding bioequivalence of generic and brand-name medicines was 3.89. The reversed scores of statements about generic medicines being less effective, producing more side effects, and brand-name medicines requiring to meet higher safety standards compared to generic medicines were all \>3.5 denoting a low level of agreement with the original statements. There were six statements dealing with respondents' perceptions about generic medicines. The mean score for the statement regarding the need for a standard guideline for health-care providers regarding the brand substitution process was 3.89. Respondents strongly agreed that quality use of generic medicines can be achieved if health-care providers work together (mean score of 4.05). The mean score for the statement about patients should be provided adequate information about generic medicines to ensure that they really understand the medicine they are taking was 4.32. The respondents' agreement with the statements regarding requiring more information about the safety and efficacy of generic medicines was high (mean score 3.83), but the agreement with the statement regarding hospital procurement budgets affecting their choice of medicines was lower (mean score 3.34).

The median scores of all individual statements were 4. In Part B, statements 4, 5, and 6 were negatively worded. While in Part C, statement 4 was negatively worded. These statements were reverse scored.

Discussion {#sec1-3}
==========

Medical educators have an important responsibility to teach the future doctors about the cost-effective use of medicines.\[[@ref13]\] Increasing use of generic medicines has been strongly supported by policymakers to reduce the cost of pharmaceutical expenditure to both the health-care system and to individual consumers.\[[@ref14]\] The authors of a previous paper had mentioned that to increase the rate of generic medicines use medical doctors must have a sound understanding of the issues surrounding their use and should be able to work in cooperation with other health-care practitioners.\[[@ref12]\] In a previous study, majority of medical and pharmacy students were unable to identify the correct bioequivalence limits allowed for approval of generic medicines.\[[@ref12]\] In our study, only about 5% of respondents were aware of the correct limits.

In our study, 45 of the 56 respondents (80.36%) either strongly agreed or agreed with the statement that a generic medicine is bioequivalent to a brand-name medicine while 42 respondents (75%) either strongly disagreed or disagreed with the statement that generic medicines are less effective compared to brand-name medicines. In the Australian study, about 85% of respondents in both the senior medical student group and the pharmacy preregistrant group agreed that a medicine rated as a generic equivalent should be therapeutically equivalent to the comparator brand-name product.\[[@ref12]\] More than 80% of respondents agreed that a generic medicine was bioequivalent to the corresponding brand-name medicine.

A qualitative study conducted in Pakistan, among dispensing doctors had shown mixed views of the practitioners toward generic medicines.\[[@ref15]\] The authors concluded that knowledge of dispensing doctors about generic medicines was sparse. Many doctors were confused about the term "generic medicines" and the international nonproprietary name of a drug.

In the study conducted in Australia, it was noted that respondents perceived generic medicines to be inferior in quality, less effective, produced more side effects, and were less safer compared to brand-name medicines.\[[@ref12]\] More than 90% of respondents agreed that generic medicines cost much less than their brand-name counterparts. Deficiencies in knowledge and problems with perception toward generic medicines were noted in a study conducted among general practitioners (GPs) in Ireland.\[[@ref16]\] GPs overall had a positive attitude toward generic medicines but voiced concerns over patient experience, clinical effectiveness, and manufacturing quality. A similar finding was noted among GPs in a northern state of Malaysia.\[[@ref17]\] The authors concluded that GPs seem to have largely accepted the use of generic medicines but still had concerns about the quality and reliability of such products.

At XUSOM, Aruba, under the new curriculum, students learn pharmacology in an integrated organ system-based manner with other basic science subjects. Practical sessions in P-drug selection, verifying the suitability of a selected P-drug for a particular patient, and writing a prescription are conducted. Students are introduced to generic medicines during a small group session on social issues in use of medicines during the first semester. We broadly follow a similar scheme for the session as described in a Nepalese medical school.\[[@ref18]\] The issue of cost of medicines is repeatedly addressed during sessions on P-drug selection during which medicine cost is an important selection criteria. Although the number of respondents who participated in the study is small compared to other studies of a similar nature elsewhere, the findings do suggest that lack of knowledge to issues surrounding to generic medicines needs to be addressed among the future practitioners. During the first semester, an activity-based session on social issues in use of medicines is conducted and during this session, we have strengthened student learning about cost of medicines, patents, generics, and the quality standards which generic medicines should meet. During the interactive lecture session on pharmacokinetics, the bioavailability requirements for generics and the concept of bioequivalence are also discussed. Cost of medicines, patents, generics, and innovator brands is again addressed during the second semester during the small group session on understanding and responding to pharmaceutical promotion. Issues of quality of generic medicines and regulatory requirements for generic medicines and the process for approving generic medicines are discussed. We also address the issue of cost of medicines during the personal drug selection sessions and emphasize that though most Canadians and many Americans have health insurance, the high cost of medicines strains the budgets of health systems and cost containment strategies are being increasingly emphasized. Increasing use of generic medicine is an important strategy towards cost containment.

Conclusions {#sec1-4}
===========

There was a significant knowledge gap with regard to the regulatory bioequivalence limits for generic medicines. The median scores for positively worded and the reversed scores for negatively worded statements were 4 indicating a reasonable level of knowledge about generic medicines but which could nevertheless be improved. Social issues related to the use of medicines and cost of medicines are addressed during the basic science years of the MD course and based on the results of the present study education about generic medicines have been strengthened during the basic science years. Studies among clinical students in the institution and in other Caribbean medical schools are required.
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